The relationship between online gambling and offline gambling is still an unsettled question: Is online poker mainly a new way of distribution, substituting the offline gambling products? Or does it add to the portfolio of gambling products as a complement, increasing not only the total volume of revenues but also the revenues of each product? This paper is first to shed light on this issue, using a cross-section of online poker revenue and offline gambling revenue in all U.S. states and Canadian provinces. The main finding is that online poker and offline gambling are complementary goods, which suggests that the presence of online poker may increase demand of offline gambling overall. These findings suggest that the offline gambling industry should not generally be adverse to the expansion of Internet poker. This study also reveals the most accurate estimates to date of the online poker market size in
Introduction
The introduction of a new medium to provide an existing product is an issue that has been observed in many industries. The overall impact is generally the balance of stimulated growth in the market from the new medium less the loss of the incumbents' share in the old medium. Much in the way that the automobile replace the horse and buggy, many industry observers feel that growth in online gaming may come at the expense of offline (or brick and mortar) casinos. [21, 22] Understanding the nature of this relationship is quite important from a policy perspective. If the relationship is substitutionary as many believe, then the introduction of widespread legal online gaming may come at the expense of casino operators, and tax revenue generated from those operations. However, if the relationship is complementary there should be fewer direct economic concerns about the spread of online poker, but more focus on the epidemiological risks of more gambling through both mediums.
In this study, we seek to empirically estimate the relationship between traditional offline gaming revenue and one specific form of online gaming that has received much attention for regulation in the U.S. 1 and Canada 2 , Internet poker. We use data from the Online Poker Database of the Univeristy of Hamburg (OPD-UHH) 1 See the discussions during the last years in the Gaming Law Review and Economics as well as lots of media coverage on this issue. 2 The regulation of online poker is quite different in Canada with Quebec and British Columbia introducing a state-owned online poker provider, while being not regulated and/or forbidden in other provinces.
to estimate the market sizes of online poker in each state of the U.S. and Canadian provinces. The data covers 87% of the online poker market in the U.S. and 65% of the Canadian market and applies to 2010 and falls into the relatively stable post-UIGEA/pre-Black Friday period. 3 Extrapolated to the whole market, we use this data to provide a cross-sectional analysis of its relationship to the offline gambling revenues in the respective states and provinces.
This article is structured as follows: In the literature section we provide an overview of the limited research on the online poker market and the relationship between online and offline gaming. In the subsequent two sections we provide accurate estimates of prevalence and size of the online poker market in North America in 2010, sub-divided by U.S. states and Canadian provinces/territories.
We then turn to the question of whether online poker and offline gaming are gross substitutes (whose consumption reduces demand for the other product) or gross complements (whose consumption increases demand for the other product). We answer this question with the help of ordinary least squares regression models.
Afterwards, we describe the limitations of our study and provide a discussion of the results. 3 Specifically, the data was gathered between October 2009 and March 2010.
Literature
To the authors' knowledge, the studies using the OPD-UHH are are the only academic research on the prevalence and market size of online poker. The total market size of online poker is estimated at 3.6 billion USD in worldwide revenue per year, with the U.S. representing the largest market with nearly $1 billion in revenue. [8] An important variable to explain the market size of online poker in a country was found to be income per capita. However, when investigating the homogenous countries of the European Union, Internet activity was found to have the strongest correlation with the prevalence of online poker. [9] Another study of the data of the OPD-UHH found that legal status does not seem to have any influence on prevalence at the national level. 4 [7] .
To date, no peer-reviewed study has empirically examined the relationship between online poker and offline gaming, however there is some evidence that the overall relationship between all of online gaming and casino gaming is substitutionary. [18] That study did not examine poker specifically, and instead aggregated all forms of online gaming. Walker and Jackson estimate the relationship between several offline gaming industries, finding some complementary relationships and some substitutionary relationships. They find that casino gaming is positively related to in-state tribal casino gaming, but negatively related to lottery gaming. [26] They also reinforce the earlier finding by Siegel and Anders of a negative relation- 4 Note that data in that study precedes the pre-Black Friday period.
ship between lottery gaming and tribal casino gaming. [20] Elliot and Navin find that an additional dollar in casino tax revenue is offset by an estimated $0.83 reduction in lottery revenue, however, Fink and Rork revise these estimates by providing a remedy of the potential selection bias in states with casino gaming and provide a revised reduction estimate of $0.56. [5, 11] Regarding the determinants of gaming revenue, Philander reinforced earlier findings from Morgan and Vasche, Suits, and Thalheimer and Ali that income/economic output are important to demand. [15, 18, 23, 25] Logically, those studies also found that the availability of gaming (in various forms) will positively affect gross gaming revenues. In online poker, availability is primarily determined by Internet access rates, but also can be affected by regulation. 5 This suggests that Canadian provinces may have different output levels than U.S. states since their financial transactions are not inhibited by the UIGEA. Also, Washington state online poker revenue may be affected by its specific regulation that makes online gaming illegal. During this study's data collection period, the World's largest online poker room, Pokerstars, did not allow wagers from players located in Washington state. 5 Technically, an online poker player only needs to have a computer with a stable internet connection to participate in the games. However, legal constraints can form another barrier, e.g. when it is illegal to take part in online poker. The regulation may seen as a continuum from a free market, over a regulated market with advertisment restrictions to a complete and enforced ban. Hence, online poker has a higher availability in a jurisdiction where it is legal than in a jurisdiction where it is prohibited. Hold'em 7 , the proportion of online poker players in Texas is less than the national 6 For a detailed description of the data see [7] or [9] . 7 59% of all online poker players play No Limit Hold'em, 17% play Fixed Limit Hold'em and 5% Pot Limit Hold'em [6] . Of the many other poker forms, Pot Limit Omaha is the most famous with a 9% player share.
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average. [13] into "Other States with Indian Gaming." To address this issue a log-log regression model using number of slot machines and number of tribal casino locations as independent variables was casino revenue, racetrack casino revenue, lottery revenue, tribal casino revenue, casino counts, and gaming machines counts were all obtained from the Canadian Gambling Digest. [4] Since the revenue estimates are aggregated for all outlets within each province, the variable of interest is defined as the sum of these val-
ues. An alternative proxy variable for the size of the offline gaming industry is also used in model estimation, namely, the total number of gaming machines in commercial/racetrack casinos, tribal casinos, and non-casino locations.
Results
As shown in Table 3 , there appears to be a positive relationship between the dependent variable (online poker revenue) and the variable of interest (offline casino revenue). The alternative proxy variable for offline gaming demand, "Number of Machines in Casinos and Non-Casinos", appears to perform equally as well as the primary revenue variable, and exhibits the same complementary relationship. This finding is contrary to prior findings [18] on the relationship between the online gaming industry (including casino style games and sports betting) and the offline casino industry, suggesting that online poker may exhibit a unique relationship with the offline casino industry. Given a jurisdiction generates an additional $1 million in offline gross gaming revenue, we would predict an additional developed using the state specific data they did provide for the 19 other states. The R-Squared of this model was 0.95, and the sum total of the estimated state specific values was $1,074 million, while the aggregated total provided by Meister was 1.1% different at $1,086 million, suggesting the estimates should be reasonably reliable. The state estimates were then proportionally increased to reach the $1,086 million aggregate total.
2,700 USD in online poker revenue. Although this effect may appear to be relatively small, the finding is robust across many model specifications, suggesting a stronger argument for validity. Potential explanations for this relationship are provided in the Discussion and Perspectives section. Contrary to the offline casino finding, the coefficient on lottery sales was not found to be significantly related to online poker revenue. This suggests that the presence of a larger offline casino market will positively affect online poker activity, but that the lottery market has no impact on online poker demand.
A few other results from the empirical analysis are worth noting. As expected, the population size and Internet user rates are both found to be positively related to online poker revenue. As the population in a jurisdiction increases, and as an increasing proportion of the population has access to the Internet, online poker ac- We therefore find the required assumptions to fit an OLS model do not appear to be violated. The adjusted R 2 of the full model was 0.92, suggesting a well-fitted model. In general, the direction of coefficients for the explanatory variables in Table 3 are consistent with results in prior studies and/or economic theory, with exception to the relatively unrobust income coefficient estimates.
Other model specifications were estimated in order to test for variable significance. Where these variables were found to be insignificant in the fully specified models (6 & 7), they were generally dropped from the final specification in order to reduce inference issues from multicollinearity. However, Model 8 includes the lottery revenue variable to illustrate the statistically insignificant relationship.
Variables tested, but excluded from the results in Table 3 because of insignificance, include smoking prevalence rates, heavy drinking prevalence rates, higher education levels, unemployment rates, and gross domestic product.
Dependent Variable: Online Poker Market Size (USD) Coefficients Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8) Casino 
Limitations
Although the relationship between the two revenue variables appears to be consistent across many model specifications, it would be inappropriate to infer any direction of impact or a specific causal relationship from this non-experimental design. For example, it may be the case that the presence of increased advertising from online poker operators caused an increase in demand for all gaming. Alternatively (or in addition) it may be the case that residents in states with widespread offline gaming will be more receptive to online poker gaming, thereby producing the positive association.
Further, the direction of relationship does not necessarily need to be consistent across all jurisdictions to produce this average finding. It may be the case that behavior in a state with many offline gaming options, like Nevada, would be quite different than in a state with no legal gaming options like Hawaii. For example, many Las Vegas poker rooms anecdotally observed immediate increases in patronage after Black Friday restricted access to online poker sites, suggesting some substitutionary activity (though the long-term marginal effect remains unknown).
Finally, there are some variables that may be important determinants of online poker demand that are not included in this study. For example, advertisements are widely used by online poker operators, but there are no reliable means to control for this variable in this study. Any correlation between online poker advertising and the offline revenue figure may produce some bias the results. In any case, the findings from this study certainly have some importance for policy debates over the introduction of legal Internet poker. Offline casino stakeholders can be less concerned that the widespread introduction of legal online poker will significantly cannibalize existing demand.
Discussion and Perspectives
This paper described the prevalence and market size of the North American online poker market and the relationship between online poker and offline gambling. We and offline operators would be expected to lead to synergistic effects, increasing the complementary relationship and profit on both sides. 12 While the complementary effect appears to be positive for these offline and online operators, it leads to the common double-edged sword for regulators. In support of legalization is the incentive to accrue the benefits of tax revenue on this product as well as increased taxes on offline gaming. Conversely, legalization leads to higher availibility of this product and and a larger market size, which may lead to more gambling problems. [17, pp.30] , [1] , [12] , [19] , [28] . Hence, finance departments' interest in the complementary effect between online poker and offline gaming, as an argument to legalize online poker, must be balanced against health departments' concerns around the very same finding.
Future research may try to replicate these results in a different setting and investigate why online poker is complementary towards offline gaming. This could be done by examining the effect of online poker on offline casinos using a causal model design. That is, as more data become available and allows for a large sam- 12 For example, Caesars Entertainment Corporation has noted in their IPO filing information: "We believe that the expansion of online gaming offerings, for real money, 'for fun' and social and mobile games, will benefit our land-based portfolio due to further brand enhancement, customer acquisition in new channels, and marketing arrangements including incorporating our Total Rewards and cash-back for points programs into our online gaming offerings."
ple to be analyzed, researchers may wish to apply methods on a data set with offline revenue as the dependent variable. An endogenous selection model could be used to correct for states without casino gaming, and Internet user rates could be used as an instrument for online poker revenue. An investigation of a jurisdiction with more tightly controlled regulation, such as Sweden with government-owned Svenka-Spel, may allow for reasonable estimation of the amount of money spent on advertising and promotion, to infer the order of magnitude of those effects.
Another starting point may be the finding that online poker shows a significant positive correlation with casino games and slot machines but not with lotteries. A potential reason could be the much lower addictive potential of lotteries in comparison to other games like slot machines. 13 Expansion of the scope of the study into other forms of gaming, such as horse racing, may also be warranted. 13 The higher addictive potential of slot machines compared to other gambling forms can be shown quantitavely by the corresponding prevalence rates of gambling problems as well as qualitatively by comparing criteria like frequency of events which are linked to gambling problems. Regarding the quantitative approach: in Germany, for example, the lifetime prevalence of gambling problems among slot machine gamblers was found to be between 18.9% and 33.5% (depending on whether the slot machines are located inside or outside of casinos) compared to 4.6% for lottery gamblers [14] . The 12-months prevalence rates of gambling problems were found to be 13% for slot machines compared to 0.6% for lotteries [3] . Similar numbers were also found in the United Kingdom (11.2% compared to 1%) [27] . Regarding the qualitative approach: whether the Assessment Tool to Measure and Evaluate the Risk Potential of Gambling Products (Asterig) [16] or the weighted list of criteria from Fiedler [10] is used, slot machines have high scores regarding their addictive potential.
